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Abstract— Software engineering has witnessing rapid changes from time to time. One such change of late is to have Service
Oriented Architecture — based applications that can provide a comprehensive service to end users. Due to the emergence of
web services technology with distributed, scalable, and interoperable computing capabilities, they are widely used to have
service oriented applications. Such applications are known as Service Based Systems (SBSs). It is important to have automatic
selection of composition of services at runtime to have dynamic integration of services. The problem with existing approaches
is that they expect SOA techniques from software engineers and thus the quality of SBS depends on the expertise of the
engineers. To overcome this problem, in this paper, introduced and implemented a framework that guides users to have certain
keywords to search and build new SBS that improves Quality of Service (QoS) of generated SBSs. The service discovery and
service composition are evaluated with a prototype application built to demonstrate proof of the concept. The experimental

results revealed the usefulness of the proposed architecture which supports relevant keyword search for building SBS.
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l. INTRODUCTION

Service Oriented Architecture has become a major
framework for building complex distributed software
systems by discovering web services. Demand of building
service-based system in SOA applications with the usage of
composed available web services had increased. Most
important step in service-based system development is to
recognize the suitable services to the service-based system
engineering process. The major contributions in this paper
are proposing a framework known as Service Discovery and
Service Composition (SDSC) Framework which guides the
users to have service discovery and composition of SBS with
required QoS. In this research the mechanism is to have ideal
SBSs so as to find good keywords in making service
discovery and composition. It makes the job of end users
simple. Building a prototype application can helps to
demonstrate proof of the concept. The experimental results
with the proposed framework revealed the importance of the
proposed application in service discovery and composition.
The remainder of the paper is structured as follows. Section 2
provides review of literature on the web service anti-patterns
and business process anti-patterns. Section 3 defined the
problem considered. Section 4 presents the proposed system.
Section 5 presents implementation details. Section 6 presents
experimental results. Section 7 concludes the paper provides
directions for future work.
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Il. RELATED WORK

This section reviews literature on the service composition
and other service oriented applications. Web services
composition with skyline services with expected QoS is
explored in [1]. Web services are used to form processes. In
[2] BPEL processes that are capable of self-supervising are
studied. With respect to next generation web applications, the
authors of [3] opine that they are services mashups. Semantic
knowledge is playing an important role in the modern
computing. In [4] it is used to have services discovery and
composition of web services to form SBS. In [5] a
framework is designed to have SBS with QoS-aware runtime
composition of services. In this kind of scenario, query
expansion can help to get better results. Query expansion
techniques are explored in [6]. The concept of probabilistic
match making is made in [7] for efficient service discovery
and composition.

Network-awareness in the process of service composition in
public cloud [8], search based approaches [9], monitoring
strategies for SBS [10], situational web applications that are
based on SOA [11], discovering web services in WWW [12],
discovering services from relational databases with keyword
search [13], service discovery for large scale networks [14]
and search with top-k approach [15] are important works on
the service composition and discovery. Wishful search [16],
adaptive service composition [17], composition of
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functionally diversified services [18], service
recommendations with negative connection awareness [19]
and keyword search mechanisms for building service based
systems [20] are found in the literature with various
approaches. A partnership based approach for improving
QoS [21], interoperability based pervasive computing
framework [22] are other important related work found.

Composite services with service ratings are explored in [23]
while a framework is proposed in [24] for reusing services.
Similar kind of reusability frameworks which are used to
optimize program invariants [25,27]. The problem of
imprecise service matching in the context of robust service
composition is the study of [26] while an access control
framework based on attributes and reputation is the focus in
[28]. In the literature it is found that keyword based SBS
building have issues as the users are not fully aware of
perfect keywords. To overcome this problem, building a
system in this paper which recommends keywords as well for
improving robustness of composed SBS.

I1l. PROBLEM DEFINITION

Service Based Systems (SBSs) play vital role in rendering
services to end users. They can get all related services with a
single application instead of moving to different individual
applications. When SBS is constructed dynamically, there is
the problem of service discovery and service composition.
From the literature it is understood that the service
composition needs search keywords. When the users are not
equipped with good keywords, it results in SBS composition
that does not provide accurate solution. Therefore it is
important to suggest keywords also to end users so as to help
them to provide ideal keywords for search based SBS
composition. This is the challenging problem considered in
this paper.

IV. PROPOSED FRAMEWORK

The proposed work is a framework known as Service
Discovery and Service Composition (SDSC) framework. The
framework provides reusable building blocks to make the
service discovery and service composition easier. Services
related to different domains can be discovered dynamically
and they are composed to form an SBS that renders required
services to end users. The proposed framework is illustrated
in Figure 1. There needs to be some planning for new SBS.
The user needs to know functional requirements and
constraints related to QoS. Then the services are discovered

dynamically and then SBS is composed. As presented in
Figure 1, it is evident that the services are discovered and
SBS is composed based on search keywords. Therefore the
framework performs service discovery to result in candidate
services. From the candidate services, the final services are
identified and composed. The problem identified here is that
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user may not be efficient or not equipped with the knowledge
of keywords. Therefore the proposed is a mechanism to have
the keyword extraction so that recommendations can be
provided to end users.

Business process

Taskl:
Flight ticket
booking

Functional
Requirements
for SBS

Collaborative
technique

Figure 1. Proposed framework for SBS composition.

V. IMPLEMENTATION

The framework is implemented using Java programming
language. Swing API is used to build intuitive Graphical
User Interface (GUI). The dataset details are provided later in
this section. The service discovery and service composition
to form SBS are done automatically using the prototype
application built. User performs loading datasets to have
automated approach in discovering services and then perform
SBS composition based on the keyword search mechanism to
generate the SBS  compositions. The  keywords
recommendations provided by the framework as illustrated
and are used by end users.
5.1 Datasets Used

Datasets are collected from [29] for the
experiments. Figure 2 shows an excerpt of dataset details.
Dataset has services related to different domains like finance,
science, shipping, travel and weather to mention few.

ces. linjegods. no/PublicMethodes. asmx?WS DL
ds/files/Stamps.com_S WSIM_v26.ws

9 nsmx TWS DL

lightsNearService wsedl

u/ServiceXplorer/wsdl_files/serviceR6.S pecialist. wsdl

w/SNOTEL/cual 1_0. WSDL

tate edu/ServiceXplorer/wsdl_files/2446_Czech_Republic Weather WS

Figure 2. Dataset details
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As shown in Figure 2, the dataset contains number of
services categorized into different groups like finance,
weather etc.
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Figure 3. Shows main Ul of the prototype

As shown in Figure 3, it is evident that it facilitates loading
dataset and provides features like discovering web services;
SBS query keyword recommendations and finally making
SBS based on recommendations.

VI. EXPERIMENTAL RESULTS
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As shown in Table 1, it is evident that the computation time
against different keyword distances is recorded with existing
approaches like KS3 normal, KS3 constraint and KS3 optimal
besides the proposed method.

__ 35000
W
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Figure 4. Performance comparison against different keyword distances

As presented in Figure 4, different number of keyword
distances is presented in horizontal axis while the vertical axis
showed computational time in milliseconds. The results
revealed that the keyword distance has influence on the
computational time.

Table 2: Performance of the proposed system with number of keywords in

Experiments are made with the prototype application using query.
the dataset described in the previous section. The main _ _
observation is the computation time with respect to '(;‘f“mber Computation Time(ms)
performance. However, the relevancy of the compositions are
also observed and found to be effective in the proposed :ﬁy"\l’;;rrds KS3 K53 . KS:". Proposed
approach, Query | Normal | Constraint | Optimal
Table 1. Performance of the proposed system with different keyword
distances. 1
0 0 0 0
Keyword | Computation Time(ms) 2
Distance | KS3 KS3 KS3 Proposed 4000 4000 18000 3000
. . 3
- gormal gonstralnt OOptlmal - 6000 12000 28000 5000
4
2 1000 1000 1000 800 12000 25000 45000 10000
3 1000 1000 7000 800
4 1000 1000 8000 800 As shown in Table 2, it is evident that the computation time
5 1000 1000 10000 800 ; : - .
5 2000 2000 13000 1500 against different number of keywords in query is recorded
7 2000 2000 17000 1600 with existing approaches like KS3 normal, KS3 constraint
g 5200 2200 18000 5000 and KS3 optimal besides the proposed method.
9 3000 4000 22000 2500
10 4000 5000 30000 3500
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Figure 5. Performance comparison against different number of keywords in
query
As presented in Figure 5, different number of keywords in
query is presented in horizontal axis while the vertical axis
showed computational time in milliseconds. The results
revealed that the number of keywords in query has its
influence on the computational time. Besides, it showed that
the proposed system has better performance over existing

system.

Table 3. Performance of the proposed system with different number of
quality constraints.

Number of | Computation Time(ms)

Quality KS3 KS3 KS3 Proposed
Constraints | Normal Constraint | Optimal

1 1800 2500 2500 2200
2 1700 2300 2400 2000
3 2000 2000 2100 1800
4 2000 1600 1700 1400
5 2200 1500 1600 1300
6 1800 900 900 800
I 2000 500 500 400
8 1900 0 0 0

9 2100

10 2000

As shown in Table 3, it is evident that the computation time
against different number of quality constraints is recorded
with existing approaches like KS3 normal, KS3 constraint
and KS3 optimal besides the proposed method.
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Figure 6: Performance comparison against different number of quality
constraints.

As presented in Figure 6, different number of keywords in
query is presented in horizontal axis while the vertical axis
showed computational time in milliseconds. The results
revealed that the number of keywords in query has its
influence on the computational time. Besides, it showed that
the proposed system has better performance over existing
system.

VII. CONCLUSIONS AND FUTURE WORK

In this paper, framework which is proposed to calculate the
accurate and dynamic composition of SBS based on user
query keywords. The process of identifying best SBS
depends on the quality of service discovery and then
selection. The problems involved in the dynamic SBS
include that the process needs user involvement with
knowledge on the keywords for efficient search based SBS
composition. Other issues are related to performance of the
system. In the literature these problems are found with the
existing systems. In the proposed system the main
framework named SDSC for service discovery and
composition. Besides it helps users to gain recommendations
to have better outcomes in the search based composition of
SBS and building a prototype application to demonstrate
proof of the concept. The experimental results proved that
the proposed system showed better performance over
existing system.

In future, studying of various algorithms in order to improve
the possibility of using ensemble approaches to improve QoS
in derived SBSs can be done.
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